Duplex formation and the onset of helicity in poly d(CG)n oligonucleotides in a solvent-free environment.
The gas-phase conformations of a series of cytosine/guanine DNA duplexes were examined by ion mobility and molecular dynamics methods. Deprotonated duplex ions were formed by electrospray ionization, and their collision cross sections measured in helium were compared to calculated cross sections of theoretical models generated by molecular dynamics. The 4-mer (dCGCG) and 6-mer (dCGCGCG) duplexes were found to have globular conformations. Globular and helical structures were observed for the 8-mer (dCGCGCGCG) duplex, with the globular form being the more favored conformer. For the 10-mer (dCGCGCGCGCG), 14-mer (dCGCGCGCGCGCGCG), and 18-mer (dCGCGCGCGCGCGCGCGCG) duplexes, only helical structures were observed in the ion mobility measurements. Theory predicts that the helical structures are less stable than the globular forms in the gas phase and should collapse into the globular form given enough time. However, molecular dynamics simulations at 300 K indicate the helical structures are stable in aqueous solution and will retain their conformations for a limited time in the gas phase. The presence of helical structures in the ion mobility experiments indicates that the duplexes retain "solution structures" in the gas phase on the millisecond time scale.